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indcpcnc!erit at; t h e s e  i3i;ergies; (2) the:;e same eff'ect.: display - 
a s t rong  p i t c h  an6:le ilepcnd~.nce f o r  2 1 MeV e l e c t r o n s  d u e  t o  the - 
l c n g e r  tirue r e q u i r e d  f o r  tkrcse h igher  ener,%y e l c c t r v n s  t,o 

a t t a i n  ar: equ i l ib r ium distribution withln a g i v e n  f lu>:  t u b e ;  3 

( 3 )  this differt-Jrice between t h e  -300 keV arld -1 X e V  e l e c t r o n  

behavior  c s n  b e  d u e  to a decreased e f f e c t i v ~ ? n e s s  of p i t c h  

ar!gle scat!;erir,[; mechankrrs Ir 1c:.!eriii& the m i r r o r  p c i n t s  of- 

the h ighe r  energy elec+,rcrns - e.G., acsur l in l :  interacl: , lon w i t 1 1  

wi4e bond t : i i i r ; t l e ~  !:.ode :ioir;e ( R o b e r t s ,  - 1968 ) a s  the  ii:njor 

scat-terf::,.: i:;echw:-::?:,, the pcxer s p e c t r a l .  eeri;;; L:,' f'ur:ct.ic:-, 
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e1ect;ron s g a t i a l  d i s t r i b u t i o n s  anci t !?c i r  r e l a t i o n  to the 

d i s t o r t e d  i;eon:sgnetic f i e l d  and t o  t h e  t 5 . m  behavior  of t hese  

p a r t i c l e s  arid its relation Lo magr,ct.ic activity. 

As t h e s e  resu .1 . t~  emerged, crforts have  t ~ m e d .  tcixard 

s tudy ing  possible sour,Ze, l o s s ,  2nd t r a n s p o r t  I r i ~ C h ~ i I ~ l S ~ l S  

r e s p o n s i b l e  for the observcd t rapped  p a r t i c l e  b e h a v i o r  ( e ,  ,g. , 

Uakada and !>lead, 1955; Rober ts ,  - 1966; _--- Ke1ir;cl ariri P e t c h e k ,  I.>GG J 

--I_- Tverskcy, lL64; -- R.lthn!n!ner, ly:!,j). I n  g e n e r a l ,  sirnu1tarieo:ls 

ob s e r -$a t I on s frorri s eve 1x1 1 0:- a t  i on s x i  t h i n t Pi e rcag n e  t o sp h e 1.e 

a r e  r equ i r ed  t o  d e t e r  nitre the prchleins arid obtai i i  p o s s i b l e  

s o l u t i o n s .  , 

T!ierefore, i r i  an e f f o r t  t o  o b t a i n  f u r t h e r  informa- 

x i o n  concerning these mechanisms, we preser, t  h e r e i n  3 comparlson 

of t h e  time behavior  of e l e c t r o n s  m i r r o r i n g  n e a r  t h e  rxagnetic 

equa to r  and those  m i r r o r i n g  a t  low altS.t.udes. 

and 21 MeV a r e  cons idered  over t h e  L rar!ge 3 < L < 5.5. 

da t a  were ot:taInec! f ron  t h e  low i n c l i n a t i o n ,  hTgh a l t i t u d e  

Energ ies  2280 keV 

The 

i 
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t h e  A T r i l  17 ,  15.25, ma,f;tietic storn! vere repor ted  by 

e t  a l .  (1967). 

Whi le  such BT! appl'oach i s  f a r  frcir: i d e a l ,  

o f f e r  t h e  oppor tun i ty  of' ol:)tainin,.i, a f u r t h e r  insigh 

Arens 

it does  

. i n t o  

these  vr . r ious mechwiisms by observ ivg  the  s imultaneocs 

behavior  of p a r t i c i e s  tr&ppcii near  t h e  equator  ar ld  a t  t h e  

enci of t h e  f i e l d  1:;ric. 
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SP.TELT,I?'ES, Ii:STr:UI.:EI~iTATIOr!, AFID ORBITS 

The Exp le rc r  rJ6 sa!,elli.te :xis launcheri or) Dece!r,bc?r 2 1 ,  

1954 i n t o  an o r b i t .  i.;a-.rj.r::: 31: f r i c l i n a t i  or! of  ;-3.l0, ai! o r j i t a l  

per iod  of -7. 5 i:or:rs, ail npo;-r.e of' :4 ,999 !rm, ztr,cl a per1:;ee of 

200 k m .  The s a t e l l i t e  vas  spill orie:lte.i ~ I t h  ti?? ang le  bet:.;eeri 

t he  s p i n  v e c t o r  arid the l o c a l  :m,:net-.ic f ' l e l d  rar:Gine from 

about  30" t o  90". 

uniformly s lowed from about, 32 rpm t o  about  3 r p m  d u r i n g  t h e  

p e r i c d  d iscusse l?  i r l  t h i s  pa.per. 

Tkie : : i : tel l i . te s p i n  r s t e  g r a d u a l l y  and 

The  experiii!er?t fEowr, by ETL on Explorer  26 was 

d?signed t o  i n v e s t j  ;:d:tn tiie e l e c t r c n  arid proton  p z r t i c l e  

populations i n  t:?e t r3.pped r a d i a t i o n  bel?;s . The experi:iiznt 

c o n s i s t e d  of s i x  s o l i d  s t a t e  p a r t i a l l y  d c r l e t e d  p-n , j u n c t i o n  

d e t e c t o r s  ( B u c k  et, a1. lyG!!). By makiilg use of t h e  e l e c t r o n  

and pro ton  e1:erg.y loss charact,er.istli.cs and by changing t h e  

t h i c k n e s s  of t h e  d e t e c t o r  active regiori by n change i n  de tec t .o r  

b i a s ,  i t  was p o s s i b l e  t o  d i s t i n g u i s h  between p ro ton  and  e l e c t r o n  

resporises i n  the d a t a .  The d . e t ec to r s  N e r e  encapsula ted  i n  a 

nitrogen-oxygen mix tu re  a t  a tmospher ic  p r e s s u r e  and covered 

by a 0.3 m i l  Kovar diaphram. A3d l t iona l  a b s o r b e r s  were used 

i n  i n d i v i d u a l  d e t e c t o r s  t o  allo:.) t h e  d e t e c t i o n  of' a wide range 

of : J a r t i c l e  eiier g i e s .  

The t h r e e  E x p l o r e r  26 d e t e c t o r s  whose electron f l u x  

observat ior ls  a?? dizrussed i:i th i s  paper  v:ere ilcsii?rnater! 5 5 ,  

25, and E l  arid c8.a e l r c t r o r ?  ti!res.cloid e:!er;:ices cif 0 . 3  ReV, 

. I 
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o r i e n t e d  t o  look ou t  normal t o  t h e  aligrirrierit a x i s ,  t rapped  

e l e c t r o n  i n t e n s i t i e s  a r e  obtained f o r  t hose  el.eztro!ls mi r ro r -  

i n g  a t  o r  very n e a r  t h e  p o i n t  of o b s e r v a t i o n .  F'urther detatls 

concerning the s a t e l l i t e  and instrur : ientat ion have Deen 

repor ted  by --- Williams and. Smi th  (1$5). 

During t h e  t ime p e r i c d  being ~ c ~ i ~ ~ i c l e i ~ ~ d  h e r e ,  

January  1, 1365, t h r m g h  Jurle 29, 1965, t h e  apogze of' 

Exp lo re r  25 p recessed  -chrouGh t h e  l o c a l  t ime :i r i t e r v a l  of 

If530 hours  t o  Ill'( hours .  S i m i l a r l y ,  t h e  o r i e n t a t i o n  of t h e  

o r b i t a l  plai!e of 1963 3 8 C  w i t h  r e s p e c t  t o  t h e  car t .h-sun l i n e  

swept through a l l  1oc:al t imes .  Th i s  i s  i l l u s t - z t e d  i n  Fig.  1 

where t n e  p r o j e c t i o n  of t h e  two o r b i t s  or.1;o th? e c l i F t . i c  

plane i s  shO;in as viewed look ing  down from above the n o r t h  

p o l e .  

'I 
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Except ions  t o  t he  above uniform Sehavior  occur  n e a r  

the beginning of magnetic: s t m m s  w i t h  the  appearance of 

e l e c t r o n s  net7 t o  t h e s e  r eg ions  of obsc rva t ion .  It a l s o  appea r s  

t h a t  t h e  r e l a t i v e  behavior  of e q u a t o r i a l l y  m i r r o r i n g  and low 

a l t i t . u d e  m i r r o r i x g  2 I. EleV e l e c t r o n s  d i f f e r s  frorn t h a t  a t  

,?OO kCV. 

T o  i l l u s t r a t e  t h e s e  d i f f e r e n c e s ,  F i g z r e s  4 and 5 

show on an  expai:.led t ime scale s e v e r a l  days  of data  taken  

arouiid t h e  g e m a p e t i c  s torms of March 2 ,  1955 and J m e  15, 

1$5. Included i n  t h e  p l o t s  a r e  AE i n d i c e s  ( F a i r f i e l d ,  

personal  communication) a l o n g  wit!? :he Dsl ;  v a l u e s .  

F i r s t  it i s  noted t h a t  a l l  a l o n r :  t h e  f i e l d  l i n e  

t h e  >300 keV e l e c t r o n s  r i s e  t o  t h e i r  m8xirnum v a l u e s  much 

f a s t e r  t h w  do  t h e  21 MeV e l e c t r o n s .  

h o l d  f o r  a l l  t h e  major s torms  i n  t h e  p s r l o d  u n d e r  c o n s i d e r a t i o n  

i n  agreement w i t h  e a r l i e r  r e s u l t s  ( c . ~ . ,  _Freeman, 1.954, and 

--- Wllliams ~ and Smith,  1s5). 

,-u 

This w a s  observed t o  

Secondly i t  appea r s  t h a t  t h e  2300 keV e l e c t r o n s  

r each  e q u i l i b r i u m  w i t h i n  a g iven  f l u x  t u b e  f a s t e r  t h a n  do t h e  

21 MeV e l e c t r o n s .  In F igu res  4 and 5 it can be seen  t h a t  t h e  

low a l t i t u d e  t r apped  e l e c t r o n  i n t e n s i t i e s  a t  - >2eO keV reach  

their peak va lue  soorl a f t e r  t h e  e q u a t o r i a l  i n t e n s i t i e s  and 

then  e s s e n t i a l l y  follow t h e  behavior  of t h e  e q u a t o r i a l  e l e c t r o n  

f 

population. I n  f a c t ,  i n c r e a s e s  i n  t h e  e q u a t o r i a l  ta low 
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a l t i t u d e  i n t e n s i t y  r a t i o  a r e  observed  t o  occur  only r1ur j .q ;  

t h e  1-3 day pe r iod  n s s o ~ ~ i n t e d ,  v i t h  t h e  storm m i n  phase 

dep res s ion  for t h e  222t),c) keV popu. la t lon.  A t  f h e s e  times f ie lc i  

expansion e f f e c t s  i i : ' .~I. ida.te t h e  concept of Pcth 1 0 ~ 1  a n d  h i z h  

a l t , t u d e  L va lues  c h a r a c t e r i z f i i g  t h e  same l i n e  of f o r c e .  

It can f u r t h e r  be seen  in Figures  4 ar,d 5 t h a t  a 

s i m i l a r  r e l a t i v e  behav io r  between e q u a t o r i a l l y  m i r r o r i n g  and 

low a l t i t u d e  mir ror in( ;  e l e c t r o n s  i s  n o t  observed a t  21 MeV. 
Not on ly  do the  lo:.^ alt.Lt,udc >1 MeV t r a p p e d  e l e c t r o n  i r i tensi+: ies  

g e n e r a l l y  reach penK ~ ~ a l u e s  well- a f ' t e r  <:le e q u a t o r i a l  i n t e ! ~ s i t i e s ,  

but i n  s e v e r a l  i n s t a n c e s  coi:.r.inue t o  i n c r e a s e  i n  i n t e n s i t y  

long  a f t e r  t h e  eclual;.cri 91 S ! ! t c n s i t i e s  have begun t h e i r  tleczy 

( e . g . ,  L = 4.5,  F igu re  4, L = 5 . 0 ,  FigEre 5 ) .  

v a r i a t l o n s  i n  t h e  e q u a t o r i a l  t o  low a l t i t u d e  i n t e n s l t y  r a t i o  

a re  observed t o  g e n e r a l l y  l a s t  f o r  s e v e r a l  a a y z  beyonc! t h e  

main phase d e p r e s s i o n .  'Thus, t h e  t ime t o  c l t t a in  equ i l ib r ium 

,L 

I n  add.it.ion, 

a l o n g  a 

than  a t  

p a t t e r n  

r e v e a l s  

g i v e n  L shel.1 appea r s  s i g n i f i c a n t l y  longer a t  21 MeV 

2300 keV. 

a t  L = 5.5 i n  F igure  5. 

Note however an  appa ren t  change i n  t h i s  

A d e t a i l e d  s tudy  of t h e  d a t a  i n  F igu res  2 a n d  3 

a w i d e  v a r i e t y  of e l e c t r o n  i n t e L s i t y  P l u c t u a t i o n s  

which may be a s s o c i a t e d  wi th  :rarious Geomagnetic p e r t u r b a t i o n s .  

I n  t h i s  pape r  we have chosen t o  s t u d y  evcti ts  c h a r a c t e r i z e d  

by l a r g e  i n t e n s i t y  inc reas , ? s  occurr ini ;  t,hi-ou;~ho!it t h e  r eg ion  
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a r r i v a l  t ime because i t  i s  very  s e n s i t i v e  t,o d i f f u s i o n .  e f f e c t s  

a n d  i s  t h e r e f o r e  s i g n i f i c a n t l y  l e s s  a c c u r a t e  than  tmr2. 

However, wh i l e  t h e  t ime of maximum may f r e q u e i i t l y  b e  very  

d i f f i c u l t  t o  o b t a i n ,  t h e  i n t e n s i t y  a t  maximum can be  measured 

t o  ar, 
m/2 

- ,u i te  a c c u r a t e l y ,  t h u s  a l lowing  a' de t e rmina t ion  of t 

accuracy  n o t  r e a l i z a b l e  i n  f i n d i n g  t h e  t ime of maximm. 

Sone of t h e s e  v a r i o u s  problems ai-e i l l u s t r a t e d  by 

t h e  d a t a  i n  F igu res  6 and 7 .  F igure  6 shows a sequence of low 

a l t i t u d e  aliter zone p r o f i l e s  a long  wi th  Dst and AE p l o t s  j u s t  

p r i o r  to and d u r i n g  tke i n i t i a l  phase of t h e  February 5, 1365 

magnet.i.2 storm. Pass 1, ~ c c u r r i n g  c l o s e  t o  t h e  sudden 

commencement, d i s p l a y s  no n o t i c e a b l e  e f f e c t s ,  arid i s  sho:m 

f o r  o r i e n t a t i o n  purposes .  Pass 2 i s  c l o s e l y  a s s o c i a t e d  w i t h  

t h e  occurrence  of  a po lar  substorni as  i n d i c a t e d  by .the s p i k e  

i n  t h e  AE i n d i c e s  and shows an i n t e n s i t y  enhanceinent a t  hlgh 

l a t i t u d e s .  Simultaneous data obta ined  from t h e  1963 38c p ro ton  

spec t romete r  Show t h a t  t h i s  enhancement was due t o  e l e c t r o n s  

oxly  (Bostrom -- e t  a l . ,  1967). Passes  3 and 14, ob ta ined  a t  t h e  

s t a r t  of t h e  i n i t i a l  phase ,  show t h e  subsequent  10s;. 01' t h e s e  

high l a t i t u d e  e l e c t r o n s .  Such a l o s s  may be expla ined  by a 

combination Gf a d i a b a t i c  e f f e c t s  and l o s s  from t h e  trappXng 

reg ions .  Pass  5 shows the appearance of large numbers of 

t rapped - >280 keV e l e c t r o n s  on t h e  loxer L s h e l l s .  

I 
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P a s s  6 ob ta ined  a t  t h e  r ecove ry  of D s t  t o  approximate ly  pres torm v a l u e s  

shows t h e  a d d i t i o n a l  appearance of  e l e c t r o n s  a t  5 5 L 5 9. Th i s  may be t h e  

combined r e s u l t  of e l e c t r o n s  i n j e c t e d  a t  l c w  L s h e l l s  d i f f u s i n g  outward 

and e l e c t r o n s  i n j e c t e d  nea r  t h e  q u a t o r  d i f f u s i n g  down t h e  f i e l d  l i n e  

t o  t h e s e  low a l t i t u d e s .  

It i s  seen  from F igure  6 t h a t  t h e  bulk  of  t h e  e l e c t r o n s  a s s o c i a t e d  

wi th  th i s  main phase  s torm appear  between passes 4 and 5. The 

appearance of p a r t i c l e s  on h i g h  L s h e l l s  d u r i n g  p a s s  2 which a r e  a s s o c i a t e d  

wi th  a p o l a r  substorm would y i e l d  a f a l s e  s t a r t  t ime € o r  t h e  bulk of t h e  

n.12 p a r t i c l e s  a s s o c i a t e d  wi th  t h e  main phase E s t  dec rease .  The use of 1; 

avo ids  t h e  above d i f f i c u l t y .  

F igu re  7 a g a i n  shows t he  February 5 ,  1765 s t n r m  b u t ' f r o m  t h e  

p e r s p e c t i v e  of a t ime h i s t o r y  of t h e  comparison between t h e  h igh  a l t i t u d e  

and low a l t i t u d e  d a t a .  

keV f o r  L = 4.0 and 5.0. D s t  and  AE v a l u e s  a r e  a l s o  inc luded .  The 

Explorer  26 d a t a  s h o w  t h e  appearance of e l e c t r o n s  a t  L = 5.0 o c c u r r i n g  

s i g n i f i c a n t l y  be fo re  L = 4.0 ( L a n z e r o t G ,  1968). However , the above 

arguments i n d i c a t e  t h a t  t h e  two Exp lo re r  26 p o i n t s  a f t e r  t h e  sudden 

communcement a t  i = 5.0 may be a s s o c i a t e d  with t h e  polar substorm o c c u r r i n g  

at t h a t  tine and b e f o r e  the start  of 

Exp lo re r  26 and 1963 38C d a t a  a r e  shown f o r  Ee  2 300 
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t h e  storni Kain phase.  The 1963 38C data shown at L = 5.0 

a l s o  d i s p l a y  ? . x r e & s e  a t  m i s  tine b u t  t h e  fo l lo i t ing  data  

pcir!t at t h e  be{ r i i i r l i : i~  of t h e  storm i n i t i a l  phase shows t h e  

dec rease  d l s c u s s e d  i r ,  F igure  6 above. It i s  p o s s i b l e  tllat 

tile Exp lc re r  25 obse rva t ions  a t  L = 5.0 simply missed t h i s  

decr?ase  d u e  t o  sa!::pling reso1utio:i .  The r a p i d  r i s e  and t h e  

may;iiitude 01’ tne inairi e l e c t r o n  i n t e n s i t y  inc rease  i n d i c a t e s  

i s  riot very  s e n s i t i v e  t.0 t h e  above e f f e c t s .  agalr, t h a t  t m/2 

Thus, fi>c:ii the a b w e  nrgurne;i+.,s !.e f ’eel  t h a t  t,/, 

i s  a more cecura- te  m a s u r e  of t h e  c h a r a c t e r i s t i c  time of 

a r r i v a l  of e n e r g e t i c  p a r t i c l e s  associated with a mair, ph.ase 

gcc;rr,ctGiietic storm tha:i e i t h e r  t h e  s t a r t  of an  i n t e n s i t y  

i s c r e a s e  o r  the t ime t o  t h e  maximum i n c r e a s e .  
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RESULTS 

F'ig?rres 8-12 show p l o t s  of +, a s  a f u n c t i o n  of L m/2  
va lue  f o r  l o x  a l t i t u d e  mirror i .ng e l e c t r o n s  (Ee 2 280 keV 

and - >1.2 i,:eV) and  n e a r - e q u a t o r i a l l y  n i r r o r i n g  e l e c t r o n s  

(Ee - > 300 keV a.nd - >1.0 NeV) for t h e  f i v e  magnetic storms 

being  s t u d i e d .  9- lso shown i n  F igu res  8-12 a r e  t h e  maxi.mum 

i n t e n s i t i e s  a t t a i n e d  d u r i n g  t h e  r e s p e c t i v e  storms I'or t he  

v a r i o u s  e n e r g i e s  and a l t i t u d e s  observed. 

These d a t a  show that there  t ends  t o  e x i s t  f o r  b o t h  

tne 1 o ~  a l t i t u d e  and h igh  a l t i t u d e  data ,  a r m g e  cf L va lues  

which i s  a s s o c i a t e d  wi th  both  a minimum i n  t 

i n  t h e  1xuJ;oer of newly observed e l e c t r o n s  ( see  i n  p a r t i c u l a r  

F igures  11 and 1 2 ) .  T h i s  i n d i c a t e s  t ha t  e n e r g e t i c  e l e c t r o n s  

may appear  du r ing  a m a i r !  phase geomagnetic storm we l l  w i t h i n  

t h e  s t ab le  t r a p p i n g  r eg ions  and subsequent ly  d i f f u s e  both i n  

toward lower I, s h e l l s  and out  toward h i g h e r  L s h e l l s .  This 

obse rva t ion  i s  s i g n i f i c a n t  as i t  shows that  t h e  source  of 

t h e s e  o u t e r  zone e l e c t r o n s  i s  n o t  n e c e s s a r i l y  t h e  d i f fu . s ion  

inward of a low energy e l e c t r o n  popu la t ion  l o c a t e d  a t  t he  

o u t e r  edge of t h e  s t ab le  t r a p p i n g  r eg ion .  I n  f a c t ,  a d i s t a n t  

lower energy e l e c t r o n  popu la t ion  w i l l  r e s u l t  from the outward 

and a maximum 
4 2  

d i f f u s i o n  of an  e n e r g e t i c  e l e c t r s n  popu la t ion  appear ing  

i n i t i a l l y  a t  lot: I, she l l s .  Before d i s c u s s i n g  our  i n t e r p r e t a -  

t i o n  cf t h e  s i g n i f i c a n c e  of these r e s u l t s ,  xe s h a l l  d i s c u s s  

i n  d e t a i l  t h e  e l e c t r o n  data  for each of  t h e  storms under 

c o n s i d e r a t i o n .  

llllll I I1 I 

' 
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February 6 ,  1755 

The d a t a  from t h i s  storm a r e  p re sen ted  i n  F igure  8 .  

The maximum i n t e n s i t i e s  obs?rved at; 1100 km occurred a t  

L 2: 4.5 for both  t h e  >280 keV and )1.2 MeV e l s c t r o n s .  

e q u a t o r i a l  e l e c t r o n s  show a maxirnm i n t e n s i t y  a t  L 2 4.5 

a t  >1.0 MeV axd L 2' rl.5-5.o a t  >:GO keV. 

The - - 

- - 

a r e  not  as c l e a r .  The 1100 km 

data i n d i c a t e  a minimum a t  L 2 h.5 at; )1..2 MeV and a broad 

minimum from L 2: 3.5-5.5 f o r  t h e  >280 keV e l e c t r o n s .  

t h e  ;280 1ceV da- ta  may be f i t  w i t h  a curve y i e l d i n g  a minimum 

4 2  
The data for t 

- 

While - 
- 

c o n s i s t e n t  with t h e  >1.2 F!eV d a t a ,  the  d i f f e r e n c e  i r i  t,he tm/Q - 

w'idth of t h e  curves  may be due t o  t h e  source  b e i n g  s u f f i c i e n t l y  

s t r o n g  oiily a t  L - 14.5 t o  produce a s i g n i f i c a n t  number of 

- >1.2 MeV e l e c t r o n s .  

.I. 

i n d i c a t e  t h a t  
m/2 

The e q u a t o r i a l  data p o i n t s  f o r  t 

b o t h  - >3OO keV and - >1.0 MeV e l e c t r o n s  i n i t i a l l y  a r r i v e  beyarid 

t h e  r eg ion  of observat ion,  : .e . ,  L > 5.0. .Note t h a t  t h e  lower 

energy  e l e c t r o n s  appea r  t o  move inward t o  lower L s h e l l s  faster 

t h a n  t h e  h i g h e r  energy e l e c t r o n s .  However, t h e  s t a t i s t i c s  of 

t he  data are  c o n s i s t e n t  w i t h  t h e  d i f f e r e n t  behav io r  be ing  due 

t o  s p a t i a l  v a r i a t i o n s  w i t h i n  t h e  source  mechanism as mentioned 

above. 
. i  

f 
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---_. March 2,  1365 

The data for t h i s  s torm,  g iven  i l l  F igure  9,  show a 

IrLiXimun: i n t e n s i t y  f o r  a l l  cbserved e l e c t r o n s  a t  L 2 b.5 .  

a g r e e s  w i t h  t h e  observed rliinimwn shown i n  trr./,2 f o r  low a l t i t u d e  

m i r r o r i n g  e l e c t r o n s  b o t h  a t  >28Q keV and >1.2 MeV. The 

e q u a t o r i a l  data  a re  c o n s i s  t e n t  w i t h  a minimun t12/* occurr i i ig  

over a r e l a t i v e l y  broad r eg ion  E %  L > 4.5 f o r  t h e  ~ 3 0 0  keV 

e l e c t r o n s  and beyond t h e  obse rva t ion  r eg ion ,  L > 5,  f o r  the  

21.0 MeV e l e c t r o n s .  

T h i s  

- - 

- 

m j 2  The i n d i c a t i  311 t l i a t  t h e  h i e h  a l t i t u d e  m i i i i m u m  t 

may be d i s p l a c e d  toward h i g h e r  L s h e i l s  f'rotn t h e  low a l z i t u i i e  

r a y  be s imply d u e  t o  t h e  Geomagnetic f i e l d  
minimurn t w z  
expansion d u r i n g  t h e  s t c rm main pnase.  T h a t  i s ,  the low 

a l t i t u d e  and h igh  altitude minimum t,,+ a c t l j a l l y  occur i n  

t h e  sane l i n e  of f c r c e  bu t  a r e  l a b e l e d  wit;? d i f f e r e n t  L v a l u e s  

due to t h e  f i e l d  d i s t o r t i o n .  

use the same compute? programs t o  c a l c u l a t e  L v a l u e ,  g iven  che 

p o s i t i o n  of t h e  s a t e l l i t e . )  

a p p a r e n t  i n  t 

s i n c e  t g e n e r a l l y  occurs  d u r i n g  t h e  s t o v n  main phsse 

whereas t h e  max1n:um i n t e n s i t y ,  b e i n g  a f f e c t e d  dy  d i f fus io! i  

effects, nay occur  several days a f t e r  t h e  s t a r t  of the stom. 

f4arch 22,  1965 - 

( B o t h  1363 3 8 C  a n d  Exp lo re r  25 

This effecc should b e  more 

t h a n  i n  t h e  l o c a t i o n  of naximun i n t e n s i t y  
m/2 

m/2 

The data f o r  t h i s  storm are shown i n  F i g u r e  10. 

blaximun! ' i n t e r r s i t i e s  arc  observed ir! t h e  v i c i n i t y  of L "- 5 i! .  
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a t t a i n m e n t  of' peak - >280 keV e l e c t r o n  i n t e n s i t i e s  was measured 

a s  a f u n c t i o n  of L (WiLliars and Smi th ,  1965). 
that ,  TD -. 0.3 days a t  L = 3, increased  t o  dt.3 days a t  L = 2.5  

and a l so  cont inuous ly  i l lcreased t o  d days s s  L inc reased  t o  

It was f o c n d  -- 

-,3 e a r t h  r a d i i .  

Note a l s o  t h a t  a l l  t h e  d a t a  i n  Figure 11 show a 

d e f i n i t e  change i n  c h a r a c t e r  i n  t h e  reg ion  of I, = 4.5 - 5.5. 

The i n t e n s i t y  p l o t s  e i t h e r  show a secondary maximum o r  a 

curves  show e i t h e r  a 
m/2  

d e f i n i t e  change of s lope .  The t 

secondary ~ninimum or  also a chaRge of s lope .  We i n t e r p r e t  

t h i s  a s  evidence f o r  8 secondary appearance of e lec t . rons  

durin;: t h i s  storm, occur r ing  about  1.3 days a f t e r  i t s  s t a r t .  

'Thus,  Figure 11 shows a major a r r i v a l  of e : i e r p t i c  e l e c t r o n s  

occur r ing  very  s h o r t l y  (,<0.1t days) a f t e r  t he  beginning  of t h e  

s torm i n  t h e  reg ion  L - 3 - 3.5 followcd by an apparent  % 

secondary appearance  of e n e r g e t i c  e l ec t - rons  about  one day 

i a t e r  a t  L - 4.5 - 5.5. 

The minimum t va lues  a r e  no t  only d i sp laced  
m/* 

toward higher L shells a t  t h e  e q s a t o r  b u t  are a l s o  seen t o  

have broader  minima.  This i s  i n  general agreement w i t h  t h e  

mapping of a f l u x  tube  from t h e  equa to r  t o  low a l t i t u d e s  du r ing  ! 

. :  a pe r iod  of enhanced fie2.d expans ion ,  F igure  14 q u a l i t a t i v e l y  

i l l u s t r a t e s  t h i s  effect . .  
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June 15 ,  1967 - --_- _= . 

The da t a  for this storm are shown i n  Figr;re 12. 

3 

4 2  These d a t a  d i s p l a y  broader  maximum i n t e n s i t i e s  and minimum t 

curves than  g e n e r a l l y  shown by t h e  p rev ious  s torms.  I n  

p a r t i c u l a r  t h e  t p l o t s  i n d i c a t e  t h e  a r r i v a l  of e n e r g e t i c  

e l e c t r o n s  a t  t h e  e q k t o r  and a t  low a l t i t u d e s  over  a wide  
m/2 

range of L v81uc:;, b u t  s t i l l  w i t h i n  t h e  t r a p p i n g  r eg ions .  The 

e q u a t o r i a l  valuer; a r e  a p . i n  d i s p l a c e d  toward h ighe r  L s h e l l s  

f o r  bot}: t h e  maximum int.er:sity and minimuin t 

L depexdencc of t h e  s l o p e  of t h e  t p l o t  i s  i n  q u a l i t a t i v e  

agreement wit!i cross-L d i f f u s i o n  theory as  12 t h e  A p r i l  18 

s t o r "  ( s e e  Figure  11). 

All Storms 

A l s o  t h e  m/2 

4 2  

- 
The e n e r g e t i c  electron response t o  t h e s e  main phase 

storms v a r i e s  s y s t e m a t i c a l l y  wi th  t h e  s i z o  of t h e  storm. To 

show t h i s  w e  have obta ined  from Figures  8-12, t h e  L s h e l l  a t  

which t h e  minimum tm,,2 and maximum i n t e n s i t y  occur .  These L 

v a l u e s  ( o r  t h e i r  lower l i m i t s )  a r e  shown i n  F igure  15 f o r  a l l  

e n e r g i e s  and a l t i t u d e s  observed as a f u n c t i o n  of maxinum Dst 

occur r ing  du r ing  t h e  s t o r n .  These maximum D s t  va lues  are 

l i s t e d  f o r  each storm i n  Table  2 .  

It i s  seen t h a t  t h e  L va lue  a s s o e i n t e d  w i t h  t h e  

maximum i n t e n s i t y  and  e a r l i e s t  a r r i v a l  of new e n e r g z t i c  

p a r t i c l e s  dec reases  a s  t h e  s i z e  of t h e  storm i n c r e a s e s  i n  

agreement w i  tn previous  low a l t i t u d e  r e s u l t s  (Arenh -I- and Williams, 

\ 

i 

I 



observed at, bot ,h  l o b :  and h i g h  a l t i t u d e s  a r e  w i t h i n  t h e  same 

f l u x  tube ,  t,he tni,> da ta  in:!icate t h a t  f o r  a storm of‘ 
Dstnmx - 
of - j . 2  E ,  v:hilc fr;r R o f  2 -797 9 n  expansion of 

- 10.2 RE o c c u r s  at. -!5.2 R E. 

t . ! ~ e  eq’-1ci?.or at -j.? I< c iu r ing  quie:;ccii t co!id:i.tinns t : r i l l  c ros s  

tile equukor a t  .-j.-( RE duriil:: a maLn phase ::i;oi-rn when 

D s t  2 -11tOy.  

- -1LOy, an cxpa!:siori of -0 .5  RE occurs  at a n  a l t i t u d e  
D>.;txa” 

I5 

T h a t  i s ,  a Yield l i n e  c i ~ o s s i n q  

E 

T h e  expansion shovm i i ;  F i g u r e  1.3 For- t h e  l b @ y  s torm 

of  A p r i l  l‘i, l:%?, ap;rees w e l l  with t h e  more a c c u r a t e  values 

of AK cv 1 RE a t  K - 4 RE arid AR - 0 .5  RE a t  R c\r 3RE o b t a i n e d  

by Dav i s  ( p e r s o n a l  c c m x n i c a t i o n )  u t i l i z i f i g  f i e l d  expansion 

data of  C a h i l l  (1966) ob ta ined  d u r i n g  t h i s  storm. The 

expansion noted at -5.2 RE f o r  a 307 storm i s  a 1ov;er limit 

s i ‘ i c?  e q u a t o r i a l  mirij.mum t 

regio!? of ob s e r va  t ioi i  . 
were n o t  observed w i t h i n  t h e  4 2  

? 



F ' i ~ u r c ~ s  2 anci 3 ~ l i o : . ~  a l i a r i e t y  of pa i - t i c l e  a e c r e a s e s  

i~?c lud i r ig  deca j r  e f f e c t s  over  ari oxtended time pe r iod .  S ince  

t h e  decay time measured by a ' i h res i lo ld  d e t e c t o r  i s  a f f e c t e d  

i n  a complex way by eneri:,y loss mechanisrt~s as well as p a r t i c l e  

t ra r i spor t  proce:3ses, c a r e  h a s  t o  b e  exe r t ed  i n  the in t c rp r -e t a -  

t i o x  of s u c h  decay times. 

T h e  l i f e t i m e s ,  T, f o r  b o t h  t h e  103.: a l t i t u d e  >2[+0 !<c-d 

e l e c t r o n s  ar:d t h e  e q u a t o r i a l  >332 %eV elect?:ons are shown i r i  

F igure  16 f o r  ~ V J O  d i f f e r e r l t  t ime p e r i o d s  a f t e r  the kpi ' i l  l'i, 

1965 magnetic s torm.  The 1ifet :me measured i s  t h e  t ime for 

- 
2 

j 

' .d 

t h e  e l e c t r o n  i n t e n s i t i e s  to rench e -1 of t h e i r  i n i t i a l  v a l u e .  f 

The upper portio:! of Figure  16 shows a p l o t  of T vs 
1 
4, 

!! 

L f o r  t h e  immediate pos t  storm p e r i o d ,  A p r i l  13 t o  22.5,  1965. 

Mo p o i n t s  a r e  show, lor L > 4.5 s i n c e  the i n t e n s i t i n s  i n  t h e s e  
'i 

r eg ions  never  deceyed durir ,g  t h e  immediate pcst storm p e r i o d .  

The b o t t o n  of F igure  16 shoxs T vs L f o r  t h e  long t e r m  p o s t  

storm pe r iod  of  A p r i l  22.5 t o  Iblay 3 ,  2.353. The e r r o r  b a r s  on 

t h e  d a t a  p o i n t s  a r e  no t  s tandard  d e v i a t i o n s  b u t  a r e  upper zrid 

1o:ser l i m i t s  ot.c,air:ec! i?y ~ i i s ~ a l l y  T i t t i n g  t!ie da?;a p o i n t s  

w 5 t h  a s t r a i g ? t  l i a e  on 2 lo;.;rFit,i;mic plo.:. 



11.....11...-----. .. 

, 
- 26 - 

Not only do t h e  Low a l t i t u d e  and h i g h  a l t i t u d e  d a t a  d i s p l a y  

s i n i l a r  l i f e t i m e s  f o r  .-300 keV e l e c t r o n s ,  b a t  t h e i r  iinmediate p o s t  

s torm and long  t e r m  p o s t  s t o r m  behavior  ag ree .  It i s  s e e n  t h a t  

i m i d i a t e l y  a f t e r  t h e  s t o r m  t h e  decay t i m e s  o u t  t o  L = 3.5 are  s i g n i f i -  

c a n t l y  s h o r t e r  t h a n  t h e  l.o:ig t e r m  decay times. T h i s  e f f e c t  i s  d i f f i c u l t  

t o  o b s e r v e  a t  L = 4 and no comparisons can be ma.'e f o r  L > 4 .  

T h i s  e f f e c t  may s imply  be due to t h e  f a c t  t h a t  energy  loss  and p a r t i c l e  

t r a n s p o r t  Qechanisms may be enhanced d a r i n g  t h e  time when t h e  magneto- 

s p h e r e  i s  p e r t u r b e d  by t h e  s t o r m  and a s  t h e  s t o r a  s u b s l d e s .  t h e  loss 

mechanisms and subsequent  decay approach a more normal node.  The f a c t  

t h a t  F i g u r e  16 shows this e f f e c t  i n  t h e  r e g i o n  around L = 3 may be 

due 'co t h i s  h e i n g  the r e g i o o  o f  i n i t i a l  appearance o f  e n e r g e t i c  e l e c t r o n s  

d u r i n g  tt;: s t o r m  and t h u s  probably  t h e  r e g i o n  of g r e a t e s t  magneto- 

e l e c t r i c  p e r t u r b a t i o n s .  

I 
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Losses 

P.s p o i n t e d  out, e a r l i e r ,  Figure:; 2-5 s t? ow thet 

g e n e r a l l y  the ,300 k e V  e l e c t r o n s  or1 a given I, s h c l l  r a p i d l y  

((1-2 -d days)  corn? t o  e q u i l i b r i u m  a f t e r  a kir:?? geonagnet ic  

storm, thereby  caus ing  the  e n t i r e  L s h e l l  t.3 5efiave uniforr : ly  

o v e r  extended periods cf tj.me. The d i f f 'o rences  i n  response 

on a p a r t i c u l a r  L shell of t h e  l o x  a l t i t a d e  - ,;?F;0 kpV e l e c t r c n s  

a n d  t h e  e q u a t o r i a l  I )333 e l e c t r c n s  a t  t h e  bc;r,inriii?C; of a skorm 

may b e  d u e  t o  ( a )  f i e l d  expa: is ions vhici? i . t :vai idate  a cons t an t  L 

l a b e l  f o r  an e n t , i r ?  f l u x  tube (FiFr,urc 15) at-1~1 ( t ) )  t!ie appcarhrice 

of new p a r t i c l e s  h~ . .v inc  a:i anisotropic p z t c h  a n c l c  d is t r :bu t j  on.  

A good example of p i t c h  ai?gle ef':'ectr, du r ing  the 

appearance of new p a r t i z 1 . e ~  can be seen by examining t h e  

unidirect icna: .  e l ec t ro r l  d a t a  obtaicer! by Ex2lorer  26 a t  

L = 5 ZE du r ing  t h e  onse t  of t he  -4pr i l  17  storm. 

w a s  a t  a rogee  du r ing  t h e  onse t  of t h e  storm and measured t h e  

f i r s t  t w b  hours of e l e c t r o n  f l ~ x  j .ncreases  (Brcj7fi.n ---- arid Roberts ,  

1966). I n  a d d i t i o n  to t h e  omnid i r ec t iona l  mea.surements, t h e  

>450 keV e l e c t r o n  f l u x  hias a l s o  sampled r a p i d l y  du r ing  one 

s a t e l l i t e  r o t a t l o n  t o  g ive  a measure of t h e  u n i d i r e c t i o n a l  

count ing  r a t e .  T h i s  neasured u n i d i r e c t i o n a l  data was reducer! 

to a b s o l u t e  u n i d i x c t i o n a l  f l u x  as  a f u n c t i o n  of t h e  cos ine  

of the e l e c t r o n  p i t c h  m r y 1 e  f c r  each  cornplete set  of moasure- 

ments taBeR dur5rq.C 8 s a t p l . l i t e  rotati3:i .  

Explorer  26 
t i  

i 

i .  
i 



Each s e t  of un id i r ec t io !?a l  e l e c t r o r ,  ciata was then  

f i t  by least squares  ( u z i r , ~  two intiepencierit va r i ab le4  t o  t h e  

func t ion ,  f l u x  = A I - - ,.? 

a. = e q u a t o r i a l  p i t c h  angle, and  pOc 5 s  , the  loss cone. 

v a r i a b l e  A i s  for r.orirializatiofi p"rposes. Figure 17 con ta ins  

a ploi; of t h c  exponent S vs time dur ing  t h e  A p r i l  17 storm.  

2 s  

1 ,  ( H c ~ i e r t a ,  15165) :,:here po = cos 
iJ-3 1 

aOJ [ I&' 
Tke 

I 

i 
. i  
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The -1 MeV e l e c t r o n  p o p u l a t i o n  does not d i s p l a y  t h e  

szme g e n e r a l  appearance of  p i t c h  a n g l e  iiidependence f 'or  

d i f f u s i o n  and decay as does t h e  -390 keV popu la t ion .  Th i s  

can be seen  from Figures  2-5  where t h e  -1 MeV e l e c t r o n s  t ake  

s i g n i f i c a n t l y  l o n g e r  t o  a t t a i n  equ i l ib r ium than  do t h e  -300 keV 

e l e c t r o n s .  I n  f a c t ,  F igu re  4 shows 2 case where a l l  300 keV 

e l e c t r o n s  are w e l l  i n t o  a decay mode alorip, w i t h  t h e  e q u a t o r i a l  

-1 MeV e l e c t r o n s .  However, t h e  low a l t i t u d e  -1.2 t l e V  e l e c t r o x s  

con t inue  t o  i n c r e a s e .  

The conc lus ion  drawn he re  i s  t h a t  r ! i f f ' ua ion  e f f e c t s  

and decay t imes  show t: s t r o n g  p i t c h  aiigle depP-i:clence f o r  

-1 PieV e l e c t r o n s  because p i t c h  a n g l e  d i f f u s i o n  m e c h a n i . x ~ s  Zre 

r io t  as  e f f e c t f v e  i n  mov.i_ng 4- MeV electl 'o:is do:.m a flu::. tube  

a s  t hey  a r e  f o r  -300 keV e l e c t r o n s .  

Among p o s s i b l e  p i t c h  a n g l e  d i f f u s i o n  mechanisms, 

Roher t s  (1966, 1968) h a s  d i scussed  the s c a t t e r i n g  of r e l a t i v i s t i c  

e l e c t r o n s  a long  a f l u x  t u b e  u s i n g  cyc lo t ron- resonance  s c a t t e r i n g  

by whistler-mode d i s t u r b a n c e s  and bounce-resonance s c a t t e r i n g  

by p e r t u r b a t i o n s  having  e l e c t r i c  or magnetic f i e l d  c0:nponents 

p a r a l l e l  t o  t h e  local f i e l d .  I n  p a r t i c u l a r ,  Rober t s  h s s  

cons idered  t h e s e  mechanisms o p e r a t i n g  wi th  i r r e g u l a r ,  wide-band 

n oi E e -- 1 i k e f i e 1 d f l u  c t ua t i  on s . 
d i s t u r b a n c e s  w i t h  r m s  magnet ic  f i e l d  f l u c t u a t i o n s  cf o r d e r  

I r r e gu 1.3 r wh i s t 1 e r - r ~ i  od e 

> 1 0 - j y  or bounce resonance scattering from i.i.rez;ular e l e c t r i c  

, 
I 

I 

Y 

1 



f i e l d  f l u c t u a t i o n s  oi’ or : le r  - 33.01 V / h n  r m s  01- nxigr1eti.c 

i n t e n s i t y  f l u c t u a t j - o n s  oi’ o r d e r  >1,7-? rn:s of‘ B y i e l d  p i t c h  

ang le  d i f f u s i o n  r s t e s  ir: rough ai:;reement w i t h  observed o u t e r  

I 

eir 

zone e l e c t r o n  li Cetiries (_Roberts ~ 196k). However t h e  pcver  

s p e c t r a l  d e n s i t y  f’u.n::tions which ckiaraeter i  i e  t h e  s t r e n g t h  

of t h e  mechanism and deterinirie t h ?  d1.f’fuSion c o e f f i c i e n t s  

a r e  no t  y e t  we l l  knoxn. 

Both h ounc e- r e  s onance and cyc lo t ron -  resonance 

s c a t t e r i n g  may be Inp i r t a n t  i n  p i t c h  a n g l e  d i f f u s i o n  s i n c e  

t h e r e  may not be ellough power a v a i l r . b l e  21-1 t h e  h i g h  f reqcency  

w h i s t l e r  r eg ion  for. t h e  cy:loti*on-resoriance i n t e r z c t i o n  t o  

e f ‘ f ec t ive ly  inwe p a i t i c l e s  - d t h  c T/,S away fror;i t h e  

equa to r .  
CY 

I f  t h e  above mecilariisms a r e  uf major importance ir! 

p i t c h  a n g l e  d i i ’ fus ion  a long  a f l u x  tube ,  t hen  the  f a c t  t h a t  

they  apparently act. niore e f f e c t i v e l y  f o r  -309 k e V  e l e c t r o n s  

than  -1 MeV e l e c t r o n s  y i e l d s  in fo rma t ion  concern ing  t h e  

r e s p e c t i v e  power s p e c t r a l  d e n s i t y  func ti on. 

! We s h a l l  assume t h a t  t h e s e  mechanisms art- the  doriinant 

ones caus ing  p i t c h  a n s l c  d i f f u s i a n  f o r  r e l h t i v i s t i c  e l e c t r o n s .  ( 
! 

The less  e f f e c t i v e  p i t c h  a n g l e  d i f ’ fus ion  f o r  ,,l hieV e i e c t r m s  

tzay be due t o  ( a )  a reciu?ed e f f e c t i v e n e s s  of‘ t h e  bounce- 

resonance i n t e r a c t i o n  i n  removing t,he e l e c t r o n s  away from 

(I - n/”r o r  ( b )  a reriu::ed eff4:1etncy i’or t h e  v:hIs t ler  mor?? 
e q  
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l ecr .?ases  Fn magnitu3e a r  +.hor;e f requcncies  ars appronchsd 
b .  . .ac. '1.) j ::h fire resporisi5l.c f o r  t ;h?  scattci-inb; or -1 Ke'J electrons. 

'* . K!iile whis l l . e r*  rzode scrz Lte r tn f :  i s  a st;ro:i& fl1!1cti(jyi 

: : of c o s  a t h e  index of r e f r a c t i o n ,  and t h e  propagat ion eel' .. , 
I ,  

.. direc.>io:i  of the wave r e l a t i v e  t .o the locel f i e l d  d i r e c t i o n ,  

t h e  fo l lowing  d i s c u s s i o n  may g i v e  certaii: l l m i t s  concerning 
. .  
,. the power s p e c t r a l  d e n s i t y .  T h e  e l e c t r o m  n o t  bein,? s c a t t e r e d  

$.: 

i,! 
. . :! .. f-?q 

I _  F: r., 

'i 

a r e  -1 ;.le? e l e c t r o n s  mi r ro r ing  a t  low a l t i t u d e ,  cos CI - 1. 

using cos CL = 1, a n  index  of r e f r a c t i o n  11 - 10,  and assuming 

t h a t  t h e  i r r e g u l a r  bPList . ler  wsves propagate r x z r l y  p a r a l l e l  

t o  t h e  f i e l d  line, then t h e  f r equenc ie s  r e spons ib l e  f o r  

eq ',..I 

< .> 

, ., 

I > ,  , *  

I .  . scet ter j - i ig  an -1 :4eV e!.ectrm i n  the cyc lo t ron- resonance  
- 6  

ir :%eraction a re  those in t h e  reg ion  of 1 Ici-lz a t  L = 3 arid 
: . 

203 Hz at L = 5. 
,' ' 
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It t h u s  appea r s  t h a t  even d u r i n g  t imes  w e l l  removed 

from n a j o r  s torms l o s s  mechanisms i n  t h e  3 < L < 5 re&ior ,  a r e  

l e s s  e f f e c t i v e  when o p e r a t i n g  on -1 MeV e l e c t r o n s  than on 

,309 Iw'J e l e c t r o n s .  I n  l i g n t  of t h e  pr?ceedlng  diScussiGri, 

e i 1;!1 e r t h e  b oun c e - r e  s onan ce in t e r a  c ti on , o r  c r os  s -L d i f f ~ i  s i or1 

Tsr both  c o u l d  be l e s s  e f f e c t i v e  at t h e  h i g h e r  enzrg ies . .  

4 

- - i d  

It should be noted t h c t  t h e  d a t a  of F igure  18 a long  

with t h e  - >Lis0 keV e l e c t r o n  p i t c h  a n g l e  d a t a ,  Figure 17, 

i n d i c a t e  t:?at t h e  t r a n s i t i o n a l  en;jrgy regiofi i n  t h e  preceeding  

di .scussions is bctwe+n 450 keV an6 I MeV.  I lowver  s i n c e  Vie 

only  have  lo^ a l t i t u d e  d a t a  a t  >280 keV and >1.2 Me?, we s h a l l  

con t inue  t o  use  2300 ke'V and 21.0 NeV a s  our  r e f e r e n c e  e n e r g i e s .  

Source s 

- - 

It has  been suggested t h a t  a source  of e n e r g e t i c  

o u t e r  zone e l e c t r o n s  i s  t h e  cross-L d i f f u s i o n ,  under  cofisF?r:fa- 

t i o n  of t h e  f irs:  two a d i a b a t i c  i n v a r i a n t s ,  of a low energy 

popu la t ion  i n i t . i z . . l l y  l o c a t e d  a t  t h e  magnetosgberic bounciary 
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( P a r k e r ,  1960; Tverskoy, I%&). Such r? px-c):?::~ k n s  been 

e f f e c t ; i ~ r e l y  employed i n  an a t t empt  ?;o ~ Y Y I - J ~  at a:] equ i l ib r ium 

outer zcne pro ton  d i s t r i b u t i o n  (Nakada anr! !.:.~ini! , ~ [ G E ; ) .  

Observat ions i n d i c a t i i i g  t n a t  such  d i f f u s i o n  w c u r s  f o r  o u t z r  

zone e l e c t r o n s  have a l s o  heen repoyted (Prank, 2.965; C r a v e n ,  

-. 

-ll____ - 

~- 

lLX6 ) . 
The obse rva t ions  r epor t ed  h e r e l n g  ind i  c a t e  that,  

ci-oss-L d i f f u s i o n  does r;lny an i rnpor tmt  ro1.e .i!l e s t a b l i s h i n g  

a11 eyui1iSriur;i aliter zone c l ec t ro r l  d i s t r i b u t i o n .  Hoxever,, 

t h e  i n i t i a l .  appzarance of e n e r g e t i c  e l e c t r o n s  r c e l l  w i t h i n  t.he 

trar)pii-lg rec;ianc and t h e i r  subsequent <?if fusl or: tcwarci lovier 

and h igSer  L shells s h G w s  tha t  the  abo;re cross-L di f f 'us ion  

p rocess  need no t  be t h e  major source  of enci-getic? e l -ec t rons  

i n  t h e  o u t e r  zone. T h e  p o s r t i o n  aL which enei-p,e?;ic e l e c t r o n s  

a r e  f i r s t  seen  w i t h i n  *.he t r a p p i n g  re,c;ion a n d  C:?e v a r i a t i c n  

of t h i s  p o s i t i o n  w i t h  t h e  s i z e  of t h e  storm (Figure  15) 
q u a l i t a t i v e l y  can e x p l a i n  t h e  dependence of' o u t e r  zone e l e c t r o n  

i n t e n s i t y  niaxima OH magnetic a c t i v i t y  (hIcDiarmid and Burrows,  

1367). I n  a d d i t i o n ,  t h e  appearance of 1-3 MeV e l e c t r o n s  a t  

L va lues  of & e a r t h  r a d i i  may be expla ined  wi thout  r e q u i r i n g  

. ,  
e l e c t r o n s  of a few hundred kilovolts a t  t h e  boundary. These 

: high  L e r , e rge t i c  e l e c t r o n s  could  be due t o  the outward 

d i f f u s i o n  of e n e r g e t i c  e l e c t r o n s  i n i t i a l l y  appear ing  a t  lower 

L shells. 

1 

. .  
1 
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The source  oC t he  e n e r g e t i c  e l e c t r o n s  i n i t i a l l y  

appear ing  x i t i ~ i ! !  ?;he t r n p p i  np, r eg ion  i s  unknown. The possibl 'e 

s o u r c e s  Bre (1) a c c e l e r a t i o n  of t h e  l o c a l  pl.asma and ( 2 )  a c c e l -  

e r a t io r i  of' a low energy pcpu la t ion  which i s  somehow t r a n s p o r t e d  

i n  C r o m  o t h e r  reglor,:; ( e .  (7. tile m a g n e t o t a i l ) .  

- Carp?:itt?r (1363, lg66), has i n t e r p r e t e d  ground based 

w l l i s t l c r  d a t a  a s  i n d i c a t i n g  t h e  e x i s t e n c e  of a s h a r p  knee, 

t h e  plasmapause, i n  t k e  radial p r o f i l e  of  e l e c t r o n  d e n s i t y .  

The plasmapause,  l o c a t c d  n t  d!. RE dur ing  p e r i o d s  of l i g h t  

maznet ic  a c t i v i t y ,  i s  thoq:iit t o  s e p a r a t e  an  in r , e r  r eg ion  of' 

-190 e lec t ) rons /cc  i'rorn a n  outer. r eg ion  of' .%I e lec t ron /cc .  

11: discuscrl!i,y t h e  d i s t r i b u t i o n  0;' e l e c t r i c  f i e l d s  

i n  the mappetosphere,  I_ Clock -- (1CJ66) has r epor t ed  t h a t  space 

charge e f f e c t s  will develop  a c e n t r a l  f i e l d  f r ee  r eg ion  w i t h i n  

t h e  magiistosphere a n d  d . i s t r i b u t e  t h e  f i e l d  toward t h e  o u t e r  

r eg ions .  E-re i d e n t i f i e s  t h e  f i e l d  f r e e  r eg ion  wi th  t h e  above 

..high d e n s i t y  reg ion  w i t h i n  t h e  plasmapause and c o n s i d e r s  t h a t  

t h e  p o s s i b l e  low d e n s i t y  r eg ion  r e s u l t s  from the  e l e c t r i c  

f i e l d s  i n  t h e  o u t e r  magnetosphere sweeping away t h e  l o c a l  

thermal  plasma. 

Carpenter  (1966) has  f u r t h e r  observed a n  inward  

motion of the  plasrmpsuse d u r i n g  two p e r i o d s  of enhanced 

magnetic a c t i v i t y  i n  J u l y  1963. A t  t h i s  t i m e  t h e  qu ie scen t  

l o c a t i o n  of t h e  v~k!2st~ler kaee was a t  .L f j  - 5.5 RE. The 

f 
! 

i 

1 



.- . 

- 36 - 

plasmapause was observed t o  move t o  t h e  r e g i o n  2 .8  - 3.8 HE 

d u r i n g  t h e  maenet ic  a c t i v i t y  preserii; on July 21, 2 2 ,  and 30,  

1953. The r e s p e c t i v e  maxirnm D s t  va lues  were -237,  -3oy ,  and 

- x ) y  ( S u g u i r a  a n d  HendrTcks ~- , 1966). The t r apped  e l e c t r o n  

data i n  F igure  15 i n d i c a t e  t h a t  f o r  9s t  max of -20y  t o  -307, 
---J 

e n e r g e t i c  e l e c t r o n s  a r e  firs+, seen a t  L > 5 RE. 

of e n e r g e t i c  e l e c t r o n s  d u r i n g  sma l l  magnetic d i s t u r b a n c e s  i s  

The appearance 

t h u s  seen  t o  occur  w e l l  above t h e  r eg ion  t o  which t h e  w h i s t l e r  

knee i s  observed t o  moi.-e. T h a t  i s ,  t h e  e n e r g e t i c  e l e c t r o n  

popu la t ion  i s  observed i n  t h e  low d e n s i t y  r e g i o n  as d i scussed  

by C a r p l i t e r  (1953) o r ,  e q u i v a l e n t l y ,  i.n t h e  f i e l d  r e g i o n  as 

d e s c r i b e d  by B l o c k  (1966). 

Bauer arid ICri,?hnamurthy - (1968a) have sugges ted  a n  

a l t e r n a t i v e  explaritltLo!: f o r  t h e  e x i s t e n c e  of a w h i s t l e r  

c u t o f f ,  i . e . ,  plasmapause,  du r ing  magnetic s torms .  They 

argue  t h a t  t h e  absence of v h i s t l e r  pi-opagatlon above  a c e r t a i n  

a l t i t u d e  ( L  shell) may be  due t o  t h e  a b s o r p t i o n  of t h e s e  lciaves 

v i a  Landau damping by i n t e n s e  e n e r g e t i c  e l e c t r o n  f l u x e s  

appea r ing  w i t h i n  t h e  r i n g  c u r r e n t  r eg ion  du r ing  a s torm.  

The p r e s e n t  e n e r g e t i c  e l e c t r o n  o b s e r v a t i o n s  a r e  

c o n s i s t e n t  wi th  t h i s  p o s 3 i b i l i t y  i n  t h a t  f o r  t h e  -207' t o  -307 

storms r epor t ed  (Carpen te r ,  1966), the w h i s t l e r  knee w a s  

observed t o  move t o  lower a l t i t u d e s  from an ambient v a l u e  

which i s  coincicient ,  w i t h i n  t h e  a l l o x a b l e  e r r o r s ,  with t h e  

I 

; i  
i .," 
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i n i t i a l .  appearance of e n e r g e t i c  e l e c t r o n s .  The zppeacance of 

e n e r g e t i c  e l e c t r o n s  may t h u s  clan:!, t h z  waves and thus  ::ause the 

observed lower ing  of t h e  knee.  

If d u r i n g  q u i e t  t imes ,  t h e  ambient plasma d e n s i t y  

on t h e  h igh  a l t i t u d e  s i d e  of t h e  plasmapause i s  -1 

(Carpen te r ,  l @ 3 ) , . t h e i i  i t  i s  no t  p o s s i b l e  t o  o b t a i n  from t h e  

l o c a l  plasma tile l.ow energy p a r t i c l e  i n t e n s i t i e s  thought  to be 

r e s p o n s i b l e  f o r  t h e  r i n g  c u r r e n t  (Hoffman and Bracken, 1955; 

-- Frank, 196'7). 

d e n s i t i e s  t o  suppor t  t h e  e n e r g e t i c  (> 283 keV) e l ecx ron  po2,ula- 

t i o n  found i n  t h e s e  r e g i o n s  di i r ing s t o r m .  The re fo re ,  the 

pr imary  a c c e l e r a t i o n  mechanism r e s p o n s i b l e  f o r  t h e  f r e s h l y  

observed e n e r g e t i c  e l e c t r o n s  d u r t n g  a main phase s torm,  which 

seems t o  r e s i d e  b i i t h i n  t h e  t r a p p i n g  r eg ions  b u t  above t h e  

w h i s t l e r  knee, can use bo th  l o c a l  plasma and t r a n s p o r t e d  plasma 

as a major S O U ~ C ~  of p a r t i c l e s .  

It i s  p o s s i b l e  iiowever w i t h  t h e s e  10;s plasma 

,-L, 

The response  of t h e  t o p s i d e  ionosphere  du r ing  t h z  

A p r i l  17, 1965 magn2ti.c s torm has  been r e p o r t e d  by - 3aue r  and 

Krishnamurthx (1968b) .  

t o p s i d e  i o n i z a t i o n  were observed and were found t o  depend on 

Both enhancements and d e p l e t i o n s  of 

t h e  phase of t h e  s torm.  I n  p a r t i c u l a r ,  a l a r g e  d e p l e t i o n  i n  

t h e  maximuin e l e c t r o n .  d c n s i t y  Km f"z was a s s o c i a t e d  w i t h  t h e  

main phase  expansion of t h e  f i e l d  a t  t h e  t ime of t h e  shmmetric 

phase of the x-ing c u r r e n t .  The peak d e p l e t i o n  was observed 

I 
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i 
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t o  occur  a t  L = 3, i n  e x c e l l e n t  agreement w i t h  t h e  i n i t i a l  

appearance of  e n e r g e t i c  e l e c t r o n s  a t  1100 krr! a n d  Lhe l o c a t i o n  

of' t h e i r  maximum i n t e n s i t y  (F igu re  11). Eauer and Krishnamurthy 

(193314 sugges t  tha t  t h i s  d e p l e t i o n  r e p r e s e n t s  an  upward f l u x  

of plasma caused by reduced plasma d e n s i t i e s  a t  h igh  a l t i t u d c s  

d u e  t.0 e i t h e r  t h e  main phase f i e l d  expansiori o r  t o  t h e  

a c c e l e r a t i o n  of t h e  l o c a l  thermal  plasma. The p r e s e n t  r e s u l t s  

i n d i c a t e  t h a t  a major F c c e l e r a t i o n  mecha.nism can o p e r a t e  w i t h i n  

L,iie s t a b l e  t r a p p i n g  r eg ions  and i n i t i a l . l y  a t  h igh  a l t i t u d e s .  2 . t  

If t h e  l o c a l  plasma were ene rg ized ,  a l o c a l  low 

enel-gy d e p l e t i o n  could resul-t due t o  t h e  e l i e rg i za t ion  and t o  

f i e l d  expansion caiised by t h e  energ ized  p a r t i c l e s .  Th i s  i n  

t u r n  could cause an upward flow of Tonospheric plasma t o  t h e s e  

rep$.ons and y i e l d  t h e  Nm E d e p l e t i o n s  observed i n  t h e  ionosphere  

(Cauer and Krishnsmurthx, l $8b) .  The s p a t i a l  c o r r e l a t i o n  of 

t h e  e q u a t o r i a l  an3 low a l t i t u d e  e n e r g e t i c  t rapped  e l e c t r o n  

r e s u l t s  arid t h e  s imul taneous  l'?m F2 d e p l e t i o n  r e s u l t s  d u r i n g  

t h e  A p r i l  17, 1965 magnet ic  s torm a r e  c o n s i s t a n t  w i t h  such a 

p r o c e s s .  The e q u i v a l e n t  low a l t i t u d e  and e q u a t o r i a l  r e g i o n s  

may be ob ta ined  rcughly  from F igures  11, 14 arid 15. 

Thus t h e  c r e a t i o n  of  i n t e n s e  e n e r g e t i c  p a r t i c l e  

popu la t ions  w i t h i n  t h e  magnetosphere may stem from a v a r i e t y  

of sou rces  ( e . % . ,  l o c a l  plasma, a low energy p o p u l a t i o n  from 

t h e  magne to ta i l ,  ior:ospheric e f f e c t s ) .  

i 



&;any of t h e s e  e f f e c t s  (decay, cross-L d i f f u s i o n ,  

p i t c h  ang le  d i f f u s i o n ,  a c c e l e r a t i o n ,  e t c .  ) may we l l  be storm 

dependent. The power s p e c t r a l  g e n s i t y  func t ion ,  f o r  example, 

may vary from storm t o  storm and may a l s o  have a d i f f e r e n t  

shape dur ing  qs ie t ,  t imes.  TkZs t:ould h-ive t h e  e f f e c t  of 

vary ing  t h e  energy a t  which p i t c h  ang le  d i f f u s i o n  would become 

e f f e c t i v e  a s  a func t ion  of some as y e t  unkaown storm paramet,er. 

Simultaneous p a r t i ~ l e - n a v e - f i e l d  observa t ions  over many storms 

a r e  requi red  i n  o rde r  t o  i d e n t i f y  t h e  Tp.0i-e significant sources  

arid losses throughout t h e  ou te r  zone. The d i f l i c u l t y  of t h e s e  

i d e n t i f z c a t i o n s  i s  emphasized by t h e  i t e r a t i v e  n a t u r e  of t h e s e  

mechanisms: i . e .  , s u f f i c i e n t  p a r t i c l e  i n t e n s i t i e s  nr,d 

a n i s o t r o p i e s  may t r i g g e r  i n s t a b i l i t i e s  which produce tile 

d i f f u s i o n  l e a d i n g  t o  t h e  l o s s  of t h e  i n i t i a l  p a r t i c l e s  (Kennel 

.and Petchek, 1$6 ) . 
S i m i l a r  pa r t i~ l e - f i e ld -wave-p la sma  observa t ions  for 

a var5e ty  of storms w i l l  be inva luab le  i n  f u r t h e r i n g  understand-  

i n g  of t h e  r e l a t i o n  between magnetospheric plasma and e n e r g e t i c  

p a r t i c l e s  a s s o c i a t e d  wit,h t h e  s t a b l e  t r a p p i n g  reg lon .  
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SUXblARY 

STmultaneous d a t a  have been presented  f o r  tra.pped 

e l e c t r o n s  a t  e n e r g i e s  >280 keV and 21 L!eV a s  observed 

throughout  much of the  o u t e r  zone a t  1100 km by t h e  s a t e l l i t e  

lC-63 38C and i r ?  t h e  n e a r  e.quato:-ial reg ions  by t h e  Explorer  26 

s a t e l l i t e .  These obse rva t ions  were ob ta ined  du r ing  t h e  t ime 

p e r i o a  January  1 through June 23,  1965, f o r  t h e  L va lues  3.0, 

3 . 5 ,  4.0, 4.5, 5 .0  and 5.5 e a r t h  rad i i .  T h e  behavior  of t h e  

t rapped  e l e c t r o n  i n t e n s i t i e s  were s tud ied  and d i scussed  du r ing  

f i v e  well  de f ined  magnetic s torms which we1.e accompanied by  

e l e c t r o i i  i n t e n s i t y  i n c r e a s e s  throughout much of tile reg ion  of  

obse rva t ion .  The f o l l o w i n s  resu!.ts and conclus ior !s  were 

obt.9i;;ed : 

* 

(1) The 2300 keV t rapped  e1ecti.or.s ox a C;lven L s h e l l  

(F igu re  2 )  r a p i d l y  ( C l - 2  days) coirin to equ i l ib r ium 

a f t e r  i? l a r g e  magnetic d i s tu rbance ,  thereby  caus ing  

t h e  en t f . r e  L s h e l l  t o  behave uniformly Over e x t m d e d  

p e r i o d s  of t ime.  

P i t c h  ang le  data f o r  ne2r  e q u a t o r i a l l y  m i r r o r i n g  

2459 keV e l e c t r o n s  dur ing  t h e  AprL1 18, 1365 storm 

i n d i c a t e  t h a t  t h e s e  e l e c t r o n s  r a p i d l y  (20.1 d ? y )  

come t o  equ i l ib r ium w i t h i n  a g iven  f l u x  tube .  

* 

( 2 )  
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It i s  t h u s  concluded t h a t  t h e  >303 keV e l e c t r o n s  
c\, 

a l s o  come t.0 e q u i l i b r i u n  w i t h i n  a g iven  flux tube  

w i t h i n  43.1 days and t h a t  the l onge r  ( 4 - 2  d a y )  

nor:mif'orm behav io r  on a given L s h e l l  (F igu re  2 )  

i s  due t o  i i e l J .  expans ion  du r ing  t h e  s torm ( s e e  

number 10 below).  

It i s  f u r t h e r  concluded t h a t  t h e  l o n g e r  tzrm (many 

day)  c ross -L d i f f u s i o n  and decay p rocesses  a c t i n g  

on ;;3ClO IceV e l e c t r o n s  appear  pitch a n g l e  independent  

due t o  t h e  r a p i d i t y  01: t h e  p i t c h  ang le  d i f f c s i o n  

-__I 

( 4 )  

mechanisms which s t rongly  c o u p l e  >300 keV e l e c t r o n  

i n t e n s i t i e s  a l l  a l o n g  t h e  l i n e  of force. 

Such an  a p p r e n t  p i t c h  ang le  independence for t h e  

long  term cross-L d i f f u s i o n  an2 decay processes  i s  

no t  observed f o r  t h e  >1 MeV e l e c t r o n s .  

(5) 

-2 I_ 

(6)  It i s  thus concluded t h a t  p i t c h  a n g l e  d i f f u s i o n  

inec%anisms 81'2 no t  a s  e f f e c t i v e  i n  l o v e r i n g  t h e  

mirror- t io in ts  of >1 MeV e l e c t r o n s  as they  ar? f o r  

)33O KeV e l e c t r o n s .  It is t h i s  energy dependence 

of t 5 e  p i t c h  a n g l e  s c a t t e r i n g  mechanisms t h a t  a l lows  

t h e  obse rvs t ion  of a s t r o n g  p i t c h  angle dependence 

f o r  cross-L d i f f u s i o n  and decay e f fcc t ; s  at 2: MeV. 

* 

,L 



( ' r  ) U:l.i!?s t h e  cyclot , ron am! bGUrlCP-reSow" i n t e r s c t i c r i s  

w i t h  wide hand i r r e g u l a r  f ' i e ld  fluc:tl.mtioris, a s  

desc r ibed  by I?oterbs  - (lg68), a s  major loss mechanisms, 

?'_t 2 s  f o ~ l n d  t h a t  t h e  paver s p e c t r a l  d e n s i t y  fur1,:tion 

charnc teri zi.ng t h e  c y c l o t  ran- r e  s onance i .nt  e r a c t i o n  

may dec rease  s ign i f i can t1 .y  i n  magnitude a s  t h e  

l'reque!?cy i s  loxe red  f r o e  w - 1OOc3 - 2030 Hz :o 

(0 ,-b 290 - 1000 Hz. 
( 3 )  Loriger I.ifet.imes a r e  obsr2rved f o r  >1 I ~ E V  e l e c t r o n s  

n, 

than YOY >3OO keV e l e c t r o n s ,  ind ica t in6 ;  t h a t  e i t h e r  

cross-L d i f f % s i o n  o r  t h e  bounce-resoriarice i n t e r a c t ? '  cn 

nay be l e s s  eyffective a t  h i g h e r  e n e r g i e s .  

e" 

( 9 )  S h o r t e r  l i f e t i m e s  f o r  bo th  low and h i g l i  a l t i t u d e  

t rhpped >300 keV e l e c t r o n s  were observed immediately 

((5 days )  a f t , e r  t h e  A p r i l  17 storm tharl  du r ing  t n e  

long term (5 t o  16 days)  p o s t  storm per iod  (F ig i r e  16 ) .  

T h i s  e f f e c t  was seen i n  t h e  r eg ion  L - 3 RE where 

t h e  s torm proi!Gced i t s  l a r g e s t  e n e r g e t i c  p a r t i c l e  

e f f e c t s .  The s h o r t e r  l i f e t i m e  i n  t h e  inmedia te  p o s t  

s torm pe r iod  may be due t o  an  enhancement of l o s s  

p rocesses  du r ing  dTsturbed p e r i o d s .  

,l, - 

(10) Measuring t h e  t ime rec,uired f o r  t h e  e l e c t r o n  Lnten- 

s i t i e s  t o  reach one-half  t h e i r  maximum v a l u e ,  f"m,2 

a f t e l .  tho- s t a r t  o? a stcrci  has  l e d  t o  t h e  resi;lt 

t h a t  e n e r g e t i c  (>jX keV, >!- ;.!eV) e l e c t r m s  a s s o c i a t e d  
,l, - 

t 
i 

- t  
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w i  L t i  a inaln p:iauc txq;Ket ic  d i s t u r b a n c e  Icay 

i n i t i a l l y  a p p e a r  t je l l  i p r i  t h i ; :  the trappi!::; r e y i o r i a  

and sLbsequent ly  d i f f u s e  bct,h i n  tor.:.ards i o x e r  L 

v a l u ? s  amd o u t  towards hig!;er L v a l u e s .  A c a s e  of' 

a p u s s i b l e  ct31151e appearance or erIer5eti.c e l e - t r o n s  

was found ir: t h e  A p r i l  17, 1965 storm. 

and 
m/2  

(11) It w;1s a l s o  ohserved t h a t  the  mii;Z!:ium t 

Ir;.asinltL?1 Intenr .1  t,y a t  50th L C Y  arid hich altttude 

occurred at lower L va lues  a s  the icaximuin D s t  of 

t!:? storm i n c r e a s e d .  This i:; i n  ac,reenieiit 7i:i th 

prevlous  l o w  a l t i t u d e  re?cult .s  ( A r e n s  -- a r i d  TdiIliar.:s, 

l ?b ' i ) .  It ~ a s  f u r t h e r  obs?r \ red t h z t  t h e  e q u a t o r i s l  

and low a l t i t u d e  minimum t 

s e p c r a t z  c u r i r e s  (Fif,ure 1-5) on a L vs Dst p l o t .  

T h i s  is i n t e r p r e t e d  as a inezsure of f i e l d  expans ion  

E d u r i n g  t h e  storm and y i e l d s  AOR > 0.2 RE a t  K + 5 K 

f o r  D s t  - ' - 3 O y  and 4R h. 0.5 hg a t  R - 3.2 RE for 

D s t m a x  = -1437. 

the  h R  - C . 5  Rz a t  R = 3.5 fiE ob ta ined  by D a v i s  

( p e r s o n a l  corrmcnicatiori) du r ing  Che sane A p r i l  !7 ,  

1365, storm include? i n  t h i s  s t u d y .  

va lues  f e l l  ori 
niax 

n1/2 

-%J 

The l a t t e r  va lue  agrees  1,iell with 

.- 

(12) Tht e p y e a r a n c e  of c n e r g c t i o  e ~ e c t r o r ? ~  within t h e  
rczx t r s p p h g  regior:; an2 i ts  v a r i a t i o r j  w i t ! i  E s t  , 

c m:?L e2 M i :;h 1.h e sub  :; cq lien t t 1% n s p  or t o r' t !I e s e 
! 



I 

, 

e 1 e c t 1- cm E c a n q ua 1 5 t a 1; Iv e 1 y e x p 1 2 i n  t j7 e c! e p e nd E! I-J c e 

of out.-.>. - 'one eiect . ron i n t e n s i t y  m x i m a  on niagr:etic 

a c i t i v i t y  ( ; I cDia rmic l  ami Burrows, 1367). Tnese 

o?,s2-r;xtions can a l s o  e x p l a i n  t h e  appearance of 

se t re ra l  MeV e l e c t r o n s  a t  L values  of -8 R, without  

r e q u i r i n g  a s e v e r a l  hundred k i l o v o l t  popu la t ion  a t  
L 

iriagne t osphe r i  c boundary . 
(13) PL.e1irninary evidence l n d i c a t e s  that .  t h e  e n e r g e t i c  

e l e c t r o n s  i n i t h l l y  appear  on t h e  h i g h  a l t i t u d e  

s i .de of t h e  w h i s t i e r  knee, I .e . ,  on t h e  low d e n s i t y  

a l t i t u d e s  during mal.1 mag-letic s t o m s  (Carpen te r ,  

1363) coupled w i t h  the reg ion  of appearance of 

e n e r g e t i c  (>300 keV) e l e c t r o n s  d - r i n g  s i m l l a r  s i z e  
% 

s t o r m  l e n d s  suppor t  t o  t.he sugges t ion  of E3uer and _- 
-_-___ Krisiinsniurtiiv (1968a) thz- t ,  du r ing  storms, t h e  whistler 

c u t o f f  2nd the z ~ p a r e n t  m o t i o n  of the w h i s t l e r  k n e e  is 

due to t h e  appearance of energetic electrons associated 

with the storm r i n g  current which absorbs t h e  waves 

via LTundau damping. .. 
(14) The c ;ep le t ion  i n  t h e  t o p s i d e  ionosphere maximui 

e l ec t ro t i  d e n s i t y ,  Nm E, was chserved to peak a t  

L = 3 dur ing  t h e  A p r i l  17 ,  l g 5  ! n a p e t i c  s t o m  

lg!',ab). T h i s  r e g i o s  o f ,  

i 

I 

i 

f 
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peak Nm F.2 !-::;?iction agrees very ~ e I . 1  :Liit.ki t h e  

rezi  011 cl" i:?i!-li!r UI:! 

ob:;er :ed +'a!- i.?.c 1 0 : t . ~  a l t i t u d e  e n e r g e t i c  e l -ec t rons  

d u r i n g  this sar:;e storm (F igu re  li j . The e n e r g e t i c  

e l e c t r o n s  durir..f: t h e  A p r i l  17, 1965, magnetic 

storn: appc3red i n i t i a l - l y  well w i t h i n  t h e  t r a p p i n g  

r e g i o n s  ( L  = 3 a t  1100 h n )  and were t h u s  produced 

by an  acce lera t , ion  mechanism a c t i n g  i n  t h e s e  r e g i o n s  

on e i t h e r  t h e  ;.oca1 low energy popu la t ion  or  on a 

low energy  p o p u l a t i o n  t r a n s p o r t e d  i n  f'rom e lsewhere .  

a n d  !7i2xirnurn i n t e n s i t y  %/2 

I 
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A CKil:O!:’LEr,GMENTS 

It i s  a p l e a s u r e  t o  acknoxledge the  sLirn-Jiating 

and h e l p f u l  d i s c u s s i o n s  held x i k h  D r s .  C.  S. Ro:r:erts and 

S. J .  Bauer. 

We wish t o  expres s  m?’ a7prec ia t . ion  t o  

D r s .  S .  Heridricks and M .  SuC;iura f o r  m%kinK the hourly 

D s t  ave’rages f o r  1955 a v a i l a b l e  t o  u s  p r i o r  t o  p u b l i c a t i o n  

and t o  D r .  D .  H. Fairfield for. making t h e  AE i n d i c e s  ava iTable .  

T!!e h e l p  of Miss C .  G .  Maclennan i n  a ~ : a l y z i n g  t h e  

Explorer  26 p i tc i l  a n g l e  da t a  i s  g r e a t l y  a p p r e c i a t e d .  

. .  



Figure  2 .  ProSZction onto e c l i p t i c  p lane  o-.' Explo re r  2 4  

and 1363 38C o r b i t s  showin? l o c a l  t imes sampled 

by t h e s e  s a t e l l i t e s  dur ing  t h e  s i x  month per iod  

of January-June 1965. 

Simultaneous e l e c t r o n  d a t a  from t h e  pc\ lar  orh i t in ,?  

s a t e l l i t e  3-963 38C (E > 280 kcV) and t h e  near  

e q u a t o r i a l  satellite Exp lo re r  26 ( E  > 300 keV) 

for t he  per iod  January 1, 1965, through June 29, 

1365. The e l e c t r o n  d a t a  a t  L = 3.0,  3.5, 4.0, 

4..5, 5.0, anc! 5.5 c?re shown i n  terms oi' counts  

for each of t h e  experiments count ing  in-t-,ervals. 

See Table 1 f o r  t h e  conversion f a c t o r s  t o  convert  

t h e  d a t a  t o  f l u x e s .  Below t h e  e l e c t r o n  d a t a  a r e  

p l o t t e d  t h e  hour ly  averngc2. 9 2 %  a n i  the t h r e e  hour 

average Kp  index f o r  t h e  s i x  month pe r iod .  

Figure 2 .  

F igure  3. Simultaneous e l e c t r o n  d a t a  from t h e  p o l a r  o r b i t i n g  

s a t e l l i t e  1363 38C ( E  > 1 . 2  MeV) and the  near  

e q u a t o r i a l  s a t e l l i t e  Explorer  26 (E  > 1.0 MeV) f o r  

t h e  per iod  Janua ry  1, 1965, through June 29, 1965. 

The e l e c t r o n  d a t a  a t  L = 3.0, 3 . 5 , ' 4 . 0 ,  4.5, 5.0, 

and 5.5 a r e  shown i n  terms of counts  f o r  each of 

t h e  experime!:+.s count ing i n t e r v a l s .  See Table 1 

1' ,,r -. t h e  convf :sicn f a c t o r s  t o  conver t  t h e  d a t a  t o  

flu?.: 3 .  Below ' e  e l e c t r o n  d a t a  a r e  p l o t t e d  t h e  

hoar. a-vera&e U s t i  and the ?,L>~ ee hour Everage Kp 

index  f o r  t h e  s i x m o n t h  p e r  

9 

Lp 

i 
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Figure  4. Si!null-aneous e l ec t ro i ?  d a t a  from t h e  p o l a r  o r b i t i n g  

s a t e l l i t e  1963 30C ( E  > 280 keV a n d  E > 1.2 MeV) 

a n d  t h e  n e a r  e q u a t o r i a l  s a t e l l i t e  Expiorer  26 

( E  > 300 and E ; 1.0  MeV) fo r  Marc:h 1 throu.gn 

March 12, 1965. E l e c t r o n  data a t  L = 4.0, 4.5,  

and  5.0 i s  shown ciuring t h e  p e r i o d  of t h e  March 3 

geomagnetic s torm.  Below t h e  e l e c t r o n  data  a r e  

p l o t t e d  t h e  AE index,  E s t ,  and t h e  Kp index .  

F igu re  5. Simultaneous e l e c t r o n  d a t a  from %he poLar o r b i t i n g  

s a t e l l i t e  1963 38c (E  > 2F-I: %eV and E > 1.2 NeV) 

and t h e  near E q u a t o r i 2 1  s a t e l 2 . i t e  Expl-orer 26 

( E  > 300 keV an;i E > 1.0 M e V )  f o r  J-Une 1-3 through 

June 25, 1965. E l e c t r o n  d a t a  a t  L =L 3.5, l+.O,  4.5, 

5.0, an? 5.5 a r e  s h o s : ~  du r ing  t h e  p e r i o d  of t h e  

June 15 geomagnetic storm. Below t h e  e l e c t r o n  

data a r e  p l o t t e d  t h e  AE index ,  D s t ,  and t h e  Kp  

iridex. 

F igu re  6 .  Sequence of' low a l t i t u d e  t rapped  e l e c t r o n  o u t e r  

zcxe p r o f i l e s  obta ined  by s a t e l l i t e  1963 38C dur ing  

Fcbrcary  6 ,  1965, n a g n e t i c  s torm.  Numbered arrows 

i n  p l o t  of D s t  and AE v a l u e s  i n d i c a t e  t ime sequence 

of r e s p e c t i v e  numbered p a s s e s .  F!ote i n i t j . a l  hlgh 

l a t i t u d e  appearance qf e l e c t r o n s  a s s o c i a t e d  w i t h  

subs t o m  d u r l  PS ::sin . ~ d  ccxpres s ion ,  t h e i r  

i 

- 1  
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subsequent l o s s  t o  t h e s e  low a l t i t u d e  reg ions ,  

and the  l a t e r  a r r i v a l  of tf:e bulk of e n e r g e t i c  

e l ec t ro i i s  a s s o c i a t e d  with t h e  storm main phase.  

F igure  7 .  Simultanzous e l e c t r o n  d a t a  from 1963 38c 

(E > 280 kcV) ar,d Explorer  26 ( E  > 330 keV) dur ing  

t h e  Fehriiary 6 ,  1355, geomagnetic storm. Below 

t h e  elect i ron d a t a  a r e  t h e  A.E arid K p  i!.!dines and  

t h e  equaLoria1 D s t .  Tile equakor i a l  e l e c t r o n  d a t a  

shows t.hc f i r s t  particle i n c r e a s e s  a t  L = 5, 

apparent1.y c o r r e l s t e d  r i i t h  t h e  AE sp ike  2 t  t h e  

time of t h e  sudden commetlcesmt. The  l G d  a l t i t u d e  

electror!  .lata 31-20 i n d i c s t e  a:i irir_r-case a t  t h i s  

t ime.  Hoxever a decrease  occi.:t-s a f t e r  t h i s  

sut.st;orn; b u t  before  the storm main phase and 

n!ajoi' e l e c t r o n  i r 'crease ( see  a l s o  F igure  6 ) .  

E q u a t o r i a l  data are no t  a v a i l a b l e  du r ing  t h i s  time 

i ~ t e r v a l . .  

Figure 8. February 6 ,  1965, Geomagnetic Storm: The maximum 

storm e l e c t r o n  i n t e n s i t i e s  and t h e  t i m e  r e q u i r e d  

fo,? %he i n t e n s i t i e s  to reach half  t h e i r  peak 

values 

e n e r s y  electron:; observed on 1363 38C and 

Espl.orer 2 G .  Explorer  26 >300 keV and >1.3 MeV 

d a t a  !vxs beer: ; n u l t i p l i c d  by 0.1 arid .'-563 3 8 C  

- >.1.2 NeV d a t a  has  been m u l t i p l i e d  by 5 .  Using 

t.i:ese f ' ac tors ,  fluxes may be 0btainc.d Prom t h e  

coi:vnrsIo:i coristariti; i n  Table  1. 

) p l o t t e d  71s L f o r  t h e  h igh  and low (tm/2 

- - 
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Figure  9 .  March 2 ,  1355, Geomagnetic Stom: The maximi,,!? 

storm e l e c t r o n  in t e r i s j . t i c s  and t h e  tFme r e q u i r e d  

for t h e  i n t e n s i t i e s  t o  reach  h a l f  t h e i r  peak 

v a l u e s  (tK,/*) p l o t t e d  vs 1, f o r  t h e  h i g h  and low 

energy  e l e c t r o n s  observed on 1353 38C and 

Exp lo re r  26. 

n l u l t i p l i e d  by 0.1 aRd 1963'38C >1.2 MeV data 

has  been r m l t l p l i e d  by 10. Using t h e s e  f ' ac tors ,  

f ' l u ~ e r ~  m y  be o'ot2irled from tne conve r s io r ,  c o n s t a n t s  

3.n T a b l e  1. 

Explo:-er '2c. - >323 IieV d a t a  has been 

- 

Figure  10.. Marzh 22 , 1965, Cccmiagnetic Storm: The maximum 

storm e l e c t r o n  . i n t e n s i t i e s  aiid t h e  Line reqvi red  

for t he  i r i t e n s i t i e s  t o  rcaoh half t n c i r  peak 

v a l u e  s (tmr2) plo t . ted  vs L for the h igh  and l o w  

energy  electr-oiis obsemed on 1$3 38C und 

E x p l o r e r  96. Explo re r  26 - >3OO keV d a t a  has been 

m u l t i p l i e d  by 0 .1  and 1963 3812 >1.2 MeV d 3 t a  h a s  - 
Seen m u l t i p l i e d  by 10. U s i n g  t h e s e  Yactors,  f l u x e s  

may be o t t a i n e d  from t h e  convers ion  COIi:jtantS i n  

Tab le  1. 

Figure 11. A p r i l  1'7, 1365, Geomagnetic Storm: T h e  maximum 

storm e l e c t r o n  i n t e n s i t i e s  anu t h e  t5mE r e q u i r e d  

for t h e  i n t e n s i t i e s  to reach  h a l f '  t h e i r  peak 

v a l u e s  

energy o1c:tro:i.s o.sser:!ed OH lTL.:ij 3hs  an:^, 

) p l o t t e d  V S  L f o r  t h e  h i g h  a n d  low ( t111/2 
i 
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and Explorer  26. 

been m u l t i p l i e d  by 0.1 an t i  1363 38C - >1.2 PleV c?ata 

has  been m u l t i p l i e d  by 10. Using these l 'actors ,  

Explorer  26 - >3OC keY data 1-13s 

may be obtained f r o m  t h e  convers ion  cons t an t s  I n  

Table 1. A v e r y  brcad reg ion  (I, F 3.5 - 5.0) of 

i n i t i a l  e l ec t ro r i  appearance was ok s e r v e d .  

Figure  1 3 .  Rate of appa ren t  inward motion f o r  the  e q u a t o r i a l  

I 

f l u x e s  may b e  obtained from t h e  coriversio:i c o n s t a n t s  

i n  Table  1. A p o s s i b l e  second. appearance of 

e l e c t r o n s  was observed i n  tile region L = '1 .5 - 5.5. 
Figure  12 .  June 15, 1965, Geomagnetic Storm: The maximum 

storm e l e c t r o n  i n t e n s i t i e s  arid the t i r f i ,  r e q u i r e 3  

f o r  t h e  i n t e n s i t i e s  t o  reach  half therir peak 

va lues  (tm,2) p l o t t e d  vs  L f o r  the high arid low 

energy e l e c t r o n s  observed on 1963 3 8 C  and Explorer 26. 

Explorer  26 - >3OO keV and - > l . O  NeV d z t a  has been 

m u l t i p l i e d  by 0.1. Vsing t i-ese f a c t o r s ,  flLxes 

I 

E > i . 0  NeV electror is  p l o t t e d  v s  1, from t h e  

March '22, 1s5, geomagnetic stoi-.n; (F igure  1 0 ) .  

These d a t a  shox t h e  c l e a r e s t  exarnple of p o s s i b l e  

inward e l e c t r o n  c i i f fas ion  f o r  t k i e  s torms examined. 

P l o t s  of dL/dt = L" f o r  s e v e r a l  va lues  of n a r e  

s!-::otrn aI.c?ng w i t h  t h e  data .  

! .  



Fi,yure 1.k. l).i~i~,l'arn, riot t o  s c a l e ,  q u a l i t a t i v e l y  showing the ' 

projection of' a lsiiie zOi.?rce r'e-rion i n  e q x a t o r i a l  

rc,:ions t o  a riarrcm la?- i . tuJe  i r i ? , ~ ; ~ - * ~ a I .  a t  low 

a l t i t u l e r ,  . Pro,!'ecti.on d u r i  r : ~  8 *!;:J..in p!iasc! f ' i e l ?  

e q ~ a i ~ s i o n  sl;orin a:, cross-klatzf.;cd ;?<:tion. -Dipole 

p r o j e c t i o n  ::howri 3 s  shaded s i ? ~ ? t - i  or? f o r  comparison. 

\ 

Figure 15.  a. The L value 01 maximcm e7e::tro:i i n t e n s i t y  

plotted vs the peak D s t  value F u r  ?,';e f i v e  geomacrietic 

storiri:; exarninrd in Fi ,y i - e s  tG-12, B o t h  ericrgie?: a.t 

t-loth 1 0 i u  ar-id ni::ii alti.tuc!cs a r e  in:: i u d ~ d .  

k .  "!io 1, va:tuc of' t he  ear l . i es t ,  t plotted vs 
in/% 

t h e  pf?nk O s t ;  value for the same f i v e  ceoir,ngnet.i.c 

stcrn:;. A seyarotloil, a t t r5buta .b le  t o  a measure 

of the mnC'"F''I,c~8Ph~.ric expaiis:i!o:i, is zkserved betvieen 

the high aiid 3.0l.i alt i t ; lcle e l ec t ron  data. 

Lifetimen ( t ime t o  e-1 of i n i t i a l  va lue )  f o r  e n e r g e t i c  

e l e c t r o n s  p lo- t tcd  v s  L f o r  two per iods  fo i lo \ , , i ng  

the  A p r i l  17, 1pG5, geomagnetic storm. 

a .  Lifet imes for t h e  imri:ediate post.-storm per iod ,  

Apr i l  13 - A p r i l  22.5,  1955. Data beyond L = 4.0 

was not a v a i l a b l e  because outward e l e c t r o n  

d i f f u s i o n  was s t i l l  opera t ive  dur ing  p o r t i o n s  of 

t h i s  time p e r i o d  a t  t h e  hi$ier L values  and n o  

decay was observed. 

F i g u r e  16. 
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b .  

I4ajT 3 ,  1965. 

have i n c r e a s e d  b y  a f a c t o r  of a'uout 2 over  t h e  

r a t e s  i n  ( a )  a t  L = 2.6 - 3.5. 

for both perl .ods of tirne, t h e  decay r a t e s  oSserved 

f o r  t h e s e  e n e r g e t i c  e l e c t r o n s  a t  hi:h and low 

l a t . i t u d e  a r e  f i ea r ly  i d e n t i c a l . '  

L i f e t imes  for t h e  p o s t  s t c r n  pe r iod  April. 22.5 - 

The fiecay r a t e s  a t  t h e  low L va lues  

At .  a l l  L v a l u e s ,  

F igure  l'(. P l a t  of t h e  va lue  o f  t h e  esponent  s i n  t h e  f i t  t o  

t h e  pitch m g l e  e l e c t r o n  d a t a  (E  > 0.45 M e V )  vs 

t ime du r ing  t h e  onse t  of t h e  A p r i l  18, 1965, 

geoniagne'ilc stor!:: n e a r  L = 5 R,. The exponent s 

vel-y rap i  cily tcr::is t.,x!ard ';,he q u i e t  time vn iue  

a f t e r  the L = 5 storm or,set  a t  about  0620. Th i s  

i n d i c a t e s  t h a t  an i n i t i a l  e l e c t r o n  p o p u l a t i o n ,  

peaked i n  p i t c h  a n g l e  d i s t r i b u t i o n  a t  t h e  e q u a t o r ,  

r a p i d l y  changes t o  a rathe:. uniform e l e c t r o n  f l u x  

p o p u l a t i o c  over a l l  p i t c h  a n g l e s .  

Kea r -equa to r i a l  e l e c t r o n  l i f e t i m e s  for E > 300 keV, 

>459 keV, and > l . O  KeV p l o t t e d  vs  L f o r  t h e  pe r iod  

A p r i l  22 .5  - >lay 3, 1955 (F igu re  16b). The 

E > 1 . 0  JIeY e l e c t r o n s  d i s p l a y  a longe r  l i f e t i m e  

ii; t.he r eg ion  L = 3.0 - 5.0 dur ing  t h i s  t.lme p e r i o d .  

u 

Figure  18. 
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